The Kety-Schmidt method for measurement of regional blood flow 1 was first applied to the heart by Eckenhoff et al. 2 These investigators employed coronary sinus catheterization to measure myocardial blood flow with nitrous oxide. The use of a radioactive gas and an external detector for the measurement of organ blood flow was investigated by Conn, 3 Lewis et al., 4 and Lassen et al. 5 The radioactive gas, krypton 85 , along with precordial counting was employed to measure myocardial blood flow in dogs by Herd et al. °T hese investigators injected solutions of radioactive gas into the coronary arteries through chronically implanted plastic catheters. The current report will confirm the results of Herd and describe animal experiments designed to further validate the method and report measurements of myocardial blood flow made in 18 patients during the course of selective coronary arteriography. 7 Solutions of xenon' 5 ' or krypton 85 were injected directly into the coronary arteries through the arteriographic catheter, and the disappearance of the gas from From the
the myocardium recorded by a precordial counter.
Methods and Results

THEORETICAL CONSIDERATIONS
A single bolus of a solution of radioactive gas is introduced into the coronary arterial circulation. It is assumed that during the passage of the injected bolus, radioactive gas moves into the myocardium and becomes equally distributed in the volume of myocardium (Vi) perfused by the vascular bed injected. The blood to myocardium distribution is a function of the partition coefficient of gas between myocardium and blood (A). About 95% of the radioactive gas which reaches the right heart after traversing the coronary circulation is cleared from the blood during the first circulation through the lungs. Thus, after the passage of the initial dose, the arterial blood entering the myocardium contains essentially no radioactive gas, and the gas in the myocardium moves back into the blood, and the clearance of the radioactive substance is a function of capillary blood flow.
Suppose (Ca), (Cv) , and (Ci) are the concentrations of the radioactive gas in the arterial blood, venous blood, and myocardium, respectively. The rate of change in the amount of radioactive gas (Qi) present in the myocardium is expressed in terms of flow (F) by the Fick principle. dt = F(Ca-Cv) (1) After the passage of the injected bolus of radioactive gas, the arterial concentration becomes 0. The venous concentration can be expressed as Co = Qi/Vi. A where (Vt) equals the volume of distribution of the gas and (A) the partition coefficient describing the distribution of the gas between myocardium and blood at equilibrium (\ = Ci/Cv). Thus, equation 1 can be rewritten
CircuUtion Resetcb, Vol. XV, July 1964 which has for its solution the following, in which (Qi ( t)) and (Qi( 0 >) are the amounts of radioactive gas at times (t) and times (o) respectively in which the rate constant (k) can be further defined (4) Vi.\ (Vi) can be expressed as (Vf = W/£) where (W) is the weight of the myocardium and (£) the specific gravity and substituted in equation 4 to yield F = k.\.W (5) Only (k) is measured, and (W) is not known, and therefore by convention, flow is expressed in terms of 100 g of tissue, in which case the value 100 is substituted for (W), and (F) has the dimension of ml/min/100 g of myocardium.
RADIOACTIVE GASES
The important properties of the two inert radioactive gases, Kr* 4 and Xe'", are displayed in table 1. The biological half lives of the gases are short. 80 Chidsey et al. 10 found that only 5% of an injected intravenous dose of Kr 85 reached the systemic circulation, and we 11 have obtained similar results for Xe'". The small amounts of gases that recirculate are important only when several injections are made.
Both gases were obtained from the Oak Ridge National Laboratories in shipments of 1 c/50 ml. Kr 8 ' was shipped in a lead-shielded steel cylinder and Xe' J3 in a lead-shielded glass ampule. The gases were stored in stainless steel cylinders of 50 ml volume. The sterile storage cylinders were evacuated and then connected to the shipping container. Transfer of the gases was brought about by cooling the stainless steel cylinder in liquid 29 nitrogen. After transfer had been effected, approximately 30 ml of sterile saline were introduced to restore the pressure in the chamber to 1 atmosphere. Prior to human studies, aliquots of the saline solution were tested for pyrogens and sterility by injection into rabbits, and also cultured. Another sample was used for calibration of radioactivity.
For human studies with Xe' JJ , 0.5 to 1.0 me doses were required to give satisfactory precordial counting rates, and this dose might be repeated five times in a single patient. The heart and lungs receive the highest radiation dose, but the short biological half life and low energy emission of Xe' 33 brings the radiation hazard to patients within accepted safe limits. 8 Contamination of laboratory air was well below the permissible concentration, and expired gas collection was not necessary.
RADIATION DETECTION INSTRUMENTS
In both human and animal experiments, the myocardial radioactivity was detected with a thallium activated lJ4-inch sodium iodide crystal and a flat field lead collimator. In some studies, a 2-inch crystal was used. The time activity curve was recorded with a ratemeter operating with a 1.0 or 3.0 second time constant and a strip chart recorder with a paper speed of three inches per minute. In two dog experiments in which Kr 8i and X e ' " were studied simultaneously, a differential discriminator and dual ratemeter system were employed.
ANIMAL EXPERIMENTS
Twenty-one experiments were performed on anesthetized dogs with the chest open. The dogs were given sodium pentobarbital (30 mg/kg iv) and succinyl choline, and respiration was maintained through an intratracheal tube by a positive pressure pump. Heparin in doses of 10 mgAg was administered before coronary cannulation and 5 mgAg added every hour thereafter. Two methods of coronary arterial cannulation are illustrated in figure 1. On the left, the Gregg cannula is seen in place in the left coronary artery, and on the right of the figure, all three coronary arteries have been cannulated with specially designed metal cannulae of appropriate size, and hence, total coronary blood flow isolated and measured. In both preparations, blood flows from the carotid artery through a Shipley-Wilson rotameter into the coronary circulation. Total coronary blood flow is monitored continuously and recorded along with femoral arterial blood pressure on a direct-writing recorder. The side arm distal to the rotameter was used for the injection of saline solutions of the radioactive gas under study. The scintillation counter was brought into position in the thoracotomy so that the entire heart was within its field. An illustrative Xe' J J experiment with total heart perfusion is shown in figure 2 . The original time activity curve from the strip chart recorder runs from right to left. After correction for background, washout activity is replotted at five-second intervals on sernilogarithmic paper as shown, and a straight line is then drawn by inspection. Points recorded later than 90 seconds after the start of the washout, or representing a total count of less than three times background, were not utilized in drawing the straight line. In dogs, 60% to 802 of the peak radioactivity disappeared as a single exponential function. The t % of this line is determined directly, and k is derived from this. Flow/ 100 g myocardium/min is then calculated from the formula described (F = --). Values of 0.72 for (X) and 1.05 for (£) are used. 0 In figure  2 ,134 is 0.63, k 1.1, and F = 75 ml/100 g/min.
The results of 124 observations on 12 dogs are listed in table 2. Flow was measured simultaneously with the rotameter and with the radioactive gas clearance method. The coronary blood flow varied spontaneously during some experiments, and in others was increased by the administration of epinephrine to test the correlation over a wide range of flow. These values do not, therefore, represent basal myocardial blood flow. The experiments on animals were designed to evaluate the factors determining the rate constant as exp pressed in equation 4 (k = -rp~\) •
RELATIONSHIP BETWEEN (k) AND (F)
The results of two typical experiments are shown in figure 3 . In dog 16, the right coronary artery (RCA) was cannulated, while in dog 6, a 3 X 6 60 120 " 180 second!
FIGURE 2
Results of a representative dog experiment in which total myocardial flow was measured with Xe 1>3 . Experimental preparation diagrammed on the right of figure 1 the left anterior descending (LAD) circulation was studied. Each point represents a pair of simultaneous measurements of flow by the rotameter and by the isotope method using Kr 84 . The steeper slope of the line relating (k) to rotameter flow in the right coronary artery is attributable to the smaller volume of myocardium perfused by that vessel (equation 4). The positive correlation between myocardial blood flow (F) and the rate constant (k) is as good in the case of the (RCA) with a small volume of distribution (Vi) as in the case of the (LAD) with a larger volume (Vi).
RELATIONSHIP BETWEEN ( k ) A N D (VI)
The inverse correlation between the rate constant (k) and volume of distribution (Vi) is shown in figure 4 . This experiment was done in two parts. First, the left coronary artery (LCA) was perfused through a Gregg cannula, and six determinations of (k) and rotameter flow were made, each point representing a single observation. The circumflex branch (circ) and the anterior descending branch (LAD) were separately cannulated and the same measurements made on these two branches. The regression lines relating (k) to flow are steeper for the branches than for the entire LCA, reflecting the inverse relationship between (k) and volume of distribution (Vi) for any value of absolute flow (equation 4). At any given value of (k), the sum of the rotameter Circ minion Reittrcb, Vol. XV, July 1964 flow through the (circ) and (LAD) is approximately equal to the rotameter flow through the (LCA) prior to its division. This relationship (F(LCA) = F ( L A D ) + F ( c i r c ) ) can be predicted from equation 4 in this experiment in which Vi(LCA)=V«(LAD)+Vi(circ) and in which it can be assumed that (A) is constant throughout Vi(LCA). Similar results have been obtained in two other experiments.
R E L A T I O N S H I P O F ( k ) A N D ( X )
The inverse relation between the rate constant (k) and the partition coefficient (A.) is illustrated in figure 5 . In dog 10, the LCA flow was measured by rotameter with Xe 133 and Kr* 4 alternately injected into the perfusion line, and (k) values are plotted against the simultaneously measured flow. In dog 15, the right coronary artery was cannulated and connected to the rotameter. A mixture of Xe and Kr was injected on three occasions, and the disappearance of radioactivity recorded with a differential discriminator so that the rates of disappearance of Xe and Kr could be determined separately and simultaneously. In both experiments, for the same value of absolute flow, Xe gave a higher value for (k). Statistical analysis was applied to both experiments depicted in figure 5 . In each instance, the regression line for xenon was significantly different from that of krypton. In that both (F) and (Vi) are the same for both isotopes, the ratio k Xe/k Kr = \Kr/A.Xe, and therefore, this experiment can be used to establish the ratio of the partition coefficients. The results are consistent with the accepted values of 1.0 for krypton 12 and 0.72 for xenon. 18 The experiments described in figure 6 were performed to establish the quantitative validity of the method as a measure of flow in ml/min/100 g of myocardium. The preparation on the left of figure 1 was used to obtain the results displayed on the left of figure 6 and in table 3. The LCA was cannulated with a Gregg cannula, and nine measurements of flow were made with Kr 84 and with the rotameter. At the conclusion of the experiment, dye was injected into the coronary cannula to stain the muscle perfused by the LCA, which was then excised and weighed. This made it possible to express the Kr* J flow measurement in absolute terms (ml/min). When the Kr" flow values are adjusted for the mass of myocardium perfused and expressed in ml/min rather than in reference to a unit mass of myocardium, the nine measurements fall close to the line of identity when plotted against the simultaneously obtained rotameter values.
A similar experiment was done in two other dogs with total heart perfusion carried out as shown on the right of figure 1. The results of this experiment are shown on the right of figure 6 and in table 3. In this case, X e ' " measurements of flow were adjusted for total heart weight, and the five points obtained in two dogs fall close to the line of identity. In making these calculations, the value of 1.0 was used for the partition coefficient (A) of Kr* J , and the value of 0.72 was used for Xe' 33 . Thus, the close agreement with measured flow provides confirmation of these partition coefficients.
INJECTION SITES
The experiments illustrated in figure 7 were representative of those conducted in 16 anesthetized dogs with the chest closed and were designed to determine the feasibility of measuring Effect of the partition coefficient (\) on the relationship between (k) and coronary flow (F). In experiment on dog 10, solutions of xenon and krypton were injected alternately. In dog 15, a differential discriminator toas employed and a mixture of xenon and krypton was injected and flow determined with the two isotojjes simultaneously. myocardial blood flow in man by this method. By means of an X-ray image amplifier, a Sones arteriographic catheter, modified for canine use, was passed into the aorta from the carotid artery, and injections of Xe 1 " were made into the indicated sites in the central circulation. The scintillation LCA PERFU3I0N TOTAL HEART PIRFUSION
FIGURE 6
Myocardial blood flow determined by the isotope method has been corrected for the weight of myocardium perfused and related to the simultaneously metered coronary blood flow. In dog 9, the left coronary artery was perfused with a Gregg canntila (left, fig. 1 ), while in dogs 20 and 21, the entire heart was perfused via the rotameter (right, fig. 1 ). Effect of injection site on precordial radioactivity. Injections of xenon have been made through an arteriographic catheter in an anesthetized dog, positioned fluoroscopically. Chest was not opened. * This value is ml/measured weight of perfused myocardium/min, i.e., in the case of dog A-9, it is ml/80 g/min, for dog 20, it is ml/92 g/min, and for dog 21, it is ml/122 g/min. This value should therefore correspond to the rotameter metered flow. LCA = left coronary artery.
probe was in the same position in all four experiments.
Only in the case of the selective left coronary injection was a satisfactory single exponential washout curve obtained. Injection of the same or larger quantities of the solution of isotope into the aortic arch, left coronary cusp, or into the left ventricle, gave curves resembling each other but differing in slope and magnitude. In all three, it would be difficult to isolate the coronary component of the disappearance curve. Selective injection of the isotope directly into the coronary arteries is essential if flow is to be measured accurately. This experiment was used as a basis for the human studies in which selective injection of the radioactive gas was accomplished following coronary arteriography.
STUDIES ON MAN
The patients were premedicated with morphine 10 mg, atropine 0.5 ing, pentobarbital sodium (Nembutal) 100 mg, diphenhydramine (Benadryl) 50 mg, and penicillin 300,000 units. Under local anesthesia, the right brachial artery was exposed just above the antecubital fold, incised, and a Sones arteriographic catheter introduced and advanced into the central aorta. A pressure transducer and a syringe system for injection of radiopaque and radioactive material were connected to the catheter by a 3-stopeock manifold. The patient was turned to the left anterior oblique position under the image amplifier with his left arm over his head. The catheter was manipulated into the coronary ostia by the method of Sones, et al., 7 and 3 to 5 ml of radiopaque material injected and a cine coronary arteriogram recorded at 60 frames per second on 35-mm film. Each injection was monitored by closed-circuit television and studies of both right and left coronary arteries were obtained.
After the arteriographic study was completed, the patient remained in the left anterior oblique position and the external projection of the center of the cardiac mass was localized by image amplifier fluoroscopy. The scintillation counter was positioned over this point as marked on the chest wall and background radiation recorded. Sterile Xe' 3J solution was transferred from its container, filtered through a sterile filter (pore size 0.45 fx) and diluted 2:1 with blood prior to injection. A dose calculated to give peak precordial counting rates in a range of 30,000, 100,000, or 300,000 counts/min was used. A 1:1 dilution of contrast material in glucose was used for localizing the coronary ostia. The Sones catheter was manipulated into the coronary ostia, and if required, about 1 to 2 ml of dilute contrast material was injected to confirm its position. The xenon solution was injected, flushed in with heparinized blood, and the catheter was withdrawn immediately into the ascending aorta. The cine camera was run during the injection to provide confirmation on film of selective injection. Immediately after the withdrawal of the catheter, the image amplifier was removed from the patient's chest and the scintillation probe swung into position over the mark indicating the center of the myocardial mass. Within 10 seconds after the injection, the ratemeter was recording washout from the myocardium. The scintillation probe was left in position until stable or slowly falling background was achieved. Figure 8 illustrates the results of four measurements of myocardial blood flow in a 46-yearold man (patient C 13). On the left are the original strip chart records of the first left coronary artery (LCA) flow measurement and the first right measurement (RCA). The semilogarithmic replot of these curves along with that of a i o n Ristjrch, Vol. XV, Jmi y 1964 second curve from each vessel are shown. There is good agreement between the duplicate measurements of coronary flow. The background count at the beginning of the fourth curve (RCA 2) has risen to 10 X 10 s counts/min due to the accumulation of Xe > " in the precordial tissues and lung. The two LCA curves are representative of the human measurements in that the radioactivity disappears as a single exponential for 60 to 90 seconds and until the activity has fallen to between 30 and 40% of its peak value. The RCA curves illustrate two different ways in which the disappearance curve may deviate from the usual single exponential pattern. The first curve shows an early break at 50 seconds and the second shows an upward convexity throughout its course. In both these cases and in all others of this configuration, it was possible to construct a straight line through the points obtained during the first 30 to 45 seconds and to use this initial slope in the calculation of flow.
The experience with human myocardial blood flow measurement is shown in figure 9 and table 4. Fourteen sets of satisfactory resting duplicate determinations in 12 patients have been made Results of myocardial blood flow measurements in 18 patients. Bracketed results represent measurements after nitroglycerine and will he discussed in a future publication. Eleven patient? on left were arteriographically normal. and were in good agreement (± 4.5% of the mean for each pair). The first 11 patients on the left of figure 9 had arteriographically normal coronary arteries, while the 7 on the right had disease. The mean of all values for myocardial flow following LCA injection was 61 ml/min/lOO g and was slightly higher than that following RCA injection which was 50 mI/min/100 g.
Myocardial Blood Flow Measured by Xenon'" in Man
The third RCA flow measurement in patient C 10 deserves special mention. The precordial radioactivity failed to decline for the first 20 seconds after the detector was brought into position and during this time the electrocardiogram re-CircmUticm Rtsetrcb, Vol. XV, Jmlf 1964 vealed ST segment elevation. After 20 seconds, the radioactivity began to fall at a slow rate, and the ST segment changes disappeared. The patient experienced no pain at any time during the procedure. In retrospect, it appears likely that the catheter irritated the coronary artery and produced spasm which reduced flow, retarded the washout of radioactivity, and resulted in the ST segment elevation.
The risks of myocardial blood flow measurement with radioactive gas are essentially those of selective coronary arteriography. 7 ' 14 
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Discussion
This method of measurement of myocardial blood flow in man represents an application of the Fick principle as utilized in the Kety-Schmidt regional blood flow method. 1 This is in contrast to other methods of measuring myocardial blood flow by precordial counting, in, 10 Th e c u r r e n t application of the method to the human myocardium is made possible by the technique of coronary arterial catheterization which permits the radioactive material to be injected directly into the coronary arteries and hence almost completely delivered to the myocardium. T ' 14 The second important feature of the method is the almost complete clearance of the radioactive material during the first passage through the lung. Thus, in theory, it is possible to deliver the radioisotope exclusively to the myocardium, and as the isotope leaves the myocardium, it is removed from the body, and therefore, recirculation through the heart and other thoracic structures is not a source of error.
The methods of measuring myocardial blood flow by precordial counting which are based on indicator dilution principles depend on the injection of radioactive material into the systemic circulation. 15 -10 When this is done, the radioactive material appears in the heart chambers, lung, myocardium, and chest wall at approximately the same time and in approximately the same concentration. Under these conditions, myocardial flow is measured by the identification and isolation of the coronary component of the precordial time activity curve. Such splitting of a precordial curve into its several components is both theoretically and practically difficult, if not impossible. 17 ' 18 The current method overcomes these difficulties by selective delivery of the gas into the myocardium so that the precordial time activity curve is a function of myocardial blood flow alone.
Isolation of the coronary circulation from the systemic circulation is accomplished by coronary arterial catheterization. In this regard, the current method resembles the nitrous oxide method which depends on the isolation of the venous side of the coronary circulation by catheterization of the coronary sinus. The nitrous oxide myocardial flow method is limited to that portion of the heart drained by the coronary sinus. The current method can be used to measure both right and left coronary artery flow in that both coronary arterial ostia are accessible for catheterization and injection.
The theory of the Kety-Schmidt method of regional blood flow measurement has been discussed elsewhere, 10 ' 10 but the basic assumptions are as follows: It is assumed that during the period of measurement, arterial inflow and venous outflow are equal, that the gas in the venous blood and in the myocardium are in equilibrium, and that the gas exists in the same concentration throughout its volume of distribution. The partition coefficient has been determined in the dog and is assumed to be the same in man. It is possible that the partition coefficient may be altered by changes in composition of the myocardium associated with disease, but this would not affect serial measurements in the same individual. It must also be assumed that radioactive gas leaves the myocardium only by way of the myocardial venous drainage. This seems reasonable in view of the observations in the animal laboratory that when ventricular fibrillation is produced during the course of a washout curve, the activity stops falling and remains constant.
It is important to confirm the correct positioning of the catheter during the delivery of the radioisotope in patients by close observation of the television monitor. However, incorrect injection into the aortic root could also be detected by inspection of the time activity curves. In these circumstances, peak counts were below expectation, rates of clearance were slow, and usually not a single exponential function. In all, for various reasons, we found 5 of 55 human injections unacceptable.
Radioactive material leaving the myocardium enters the right heart chambers and passes to the lungs where 90% or more is removed during the first passage. This might affect precordial count rates as it appears in the right heart and the lungs, or during recirculation. This problem has been investigated and Circulation Rtsircb, Vol. XV, July 1964 the observations indicate that nonmyocardial radioactivity makes no significant contribution to the precordial time activity curve following coronary injection.
The effect of radioactive gas, appearing in the right heart from the coronary sinus or the cardiac veins, was studied in two patients at the conclusion of the coronary flow studies. A catheter was placed in the right atrium and xenon solution injected through it at a rate calculated from the precordial washout curves to simulate the drainage into the right heart. The total dose was the same as that used in coronary flow measurements, and the precordial probe was positioned in the same way and the activity recorded. In one patient, the precordial count rates rose by 500 counts/min following right atrial injection as compared to a rise of 74,000 counts/min following right coronary injection. In the other patient, there was a rise of 1,500 counts/min after right atrial injection compared to 54,000 counts/min after left coronary injection. Thus, the appearance of isotope in the right heart from either coronary sinus or cardiac veins contributes insignificantly to precordial count rate. Furthermore, the rise following right heart injection is delayed, suggesting that its immediate appearance is undetected due to rapid washout from the heart. Recirculation to lung and precordial tissue is responsible for the delayed rise in activity following right heart injection and probably also contributes to the late break in the exponential washout slope following coronary arterial injection.
In the open chest dog, we have measured the increase in radioactivity over the right upper chest following injection of the coronary arteries, and these observations also indicate that nonmyocardial circulatory beds do not make a significant contribution to precordial count rate following intracoronary injection of isotopes. The effect of precordial muscle on the precordial disappearance curve was also studied in an open chest dog by recording the disappearance simultaneously with two scintillation detectors. The first detector was positioned over the incision directly above the heart and the other at 90° from the first with lung and precordial muscle interposed be-
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tween the heart and the detector. Twelve simultaneous measurements of myocardial blood flow were made. The mean value for measurements derived from the precordial detector was 63 ml/100 g/min, and the comparable value for the right chest detector was 61 ml/100 g/min. This difference was not significant (P<0.8).
It is important to consider whether or not the procedure of coronary ostial catheterization itself might influence coronary blood flow. The catheter is withdrawn from the coronary ostium immediately after the Xe" 3 is flushed from the catheter, so that it does not impede flow during the measurement. A more pertinent question concerns the effect of contrast material on flow. There can be no question about the increase in coronary flow resulting from the injection of hypertonic contrast material in concentrations suitable for radiography M, i' o, -2\ ^y e j^yg attempted to avoid these effects by waiting 15 minutes after the conclusion of the arteriographic study before beginning the flow measurements, and our animal experiments indicate that coronary blood flow has returned to normal by this time. Smaller volumes of contrast material are used in the flow study for localizing the coronary arteries, and the solution is more dilute than that employed for arteriography. In the open chest dog, with coronary flow measured by rotameter, comparable doses calculated as a fraction of total flow have been shown to have little or no effect on flow. Though injection of contrast material to confirm the location of the catheter is not always needed, it is necessary to have some contrast material in the catheter to make the tip visible, and some of this material is washed in with the xenon solution.
Xe 131 is preferable to Kr 8i because of the greater abundance of gamma emission for counting and because its lower energy emission causes less radiation hazard to the patient. The biological half lives of both gases are so short that the difference in physical half lives is of no importance in calculating radiation dose to the patient. The shorter physical half life of Xe'" does, however, make it more difficult to handle, but on the other hand, the longer physical half life and greater energy emission of Kr" make it a greater occupational hazard than xenon.
The values for flow obtained in the intact, unanesthetized man were comparable to, but slightly lower than, those obtained by others using nitrous oxide. 22 " 28 The lack of a clear difference at rest between the normals and those with coronary arterial disease agrees with the findings of others. Further observations may make it possible to correlate anatomy and physiology in specific situations. Theoretically, areas of unperfused myocardium do not contribute to the washout curve, and it is possible also that the slower washout from small ischemic regions might not be detectable. The accurate location and discrete measurement of flow in such areas may prove very difficult using external techniques.
The difference between flow values for the right and left coronary artery is statistically significant if all the observations on both normal and abnormal subjects are included. (Right: 50 ml/100 g/min. Left: 61 ml/100 g/min. ( P < 0.05).) If only those patients with normal arteriograms are considered, the difference is present but not statistically significant (P < 0.3). The number of measurements (50) is still small, and in only three patients was flow measured in both vessels. We are not yet convinced, therefore, that resting flow through the human myocardium is greater in the distribution of the left coronary artery compared to that of the right. If the results are confirmed, the differing resting flows may be due to variation in physiological requirements or differences in phasic flow between the two ventricular masses. There are experimental data on Rb 88 clearance showing different rates of extraction by right and left ventricle, which may support our findings. 29 ' 80 No comparable data for man are available. Summary 1. Human myocardial blood flow has been measured by the determination of precordial radioactivity after the injection of solutions of radioactive gas directly into the coronary arteries following coronary arteriography.
2. The accuracy of radioactive gas measure-ments has been established in dog experiments by comparison with coronary blood flow simultaneously measured by rotameter. 3. This method has two major advantages over the existing methods of measuring human myocardial blood flow. Firstly, the right and left coronary circulations can be studied separately, this being the only method whereby the right circulation can be studied in man. Secondly, anatomical and physiological correlations are readily available as arteriography is an essential feature of the method.
